T
he growing endoscopic anatomic knowledge ofskull base and progressive Neurosurgery-Otorhinolaryngology collaboration has highlighted the pathogenesis of rare skull base pathologies. Few papers describe the embryological evolution of the sphenoid sinus in context with the developmental pathology of meningoencephaloceles. Meningoencephaloceles of the sphenoid sinus are rare and usually seen to arise from traumatic, congenital, or erosive etiologies.
1,2 Embryologically, sphenoid bone development involves the fusion of multiple cartilaginous precursors into a single osseous structure. The fusion of the precursor of the greater wing of the sphenoid with the presphenoid and basisphenoid usually undergoes ossification at the thirteenth week in fetal development. However, incomplete fusion of these aspects may lead to a persistent channel that was described as the lateral craniopharyngeal canal by Dr Maximilian Sternberg ( Figure 1 ) in 1888. [3] [4] [5] In recent times, very few reports document the phenomena of cerebrospinal fluid (CSF) leaks through this canal, lateral meningoencephaloceles and their proposed open/endoscopic management. 3, 4, 6 Moreover, from what was described by Sternberg, this pathology is now differentiated from the central craniopharyngeal canal that arises from the midportion of the floor of the hypophyseal fossa and extends inferiorly to terminate behind the rostrum. 4 The academic and personal achievements of Dr Maximilian Sternberg, who provided us with a very useful "missing link" of skull base anatomy and influenced the surgical management of CSF leaks, has not yet been documented. The goal of our historical vignette was to highlight Dr Maximilian Sternberg's journey with respect to neuroscience and skull-base anatomy.
METHODS
An extensive search on scientific database engines including Pubmed, Cochrane, Scopus, and Google Scholar yielded no articles on Sternberg. The University of Vienna was contacted, and all the pertinent historical documents and reviews were analyzed and compiled into the current historical manuscript. Using professional translational companies, the German language was translated to English for providing insights into the career of Dr Sternberg.
HISTORICAL VIGNETTE
Dr Maximilian Sternberg's (1863 Sternberg's ( -1934 academic journey involved a wide spectrum of contributions in the fields of mathematics, physics, neurology, and most notably skullbase anatomy. His training was versatile and thorough. Sternberg's scientific activity spanned nearly the entire course of his life starting early and ending only upon his death with no periods of unproductivity.
Foundation of Academic Years
He was born in 1863 in Vienna and spent his early childhood there. His college days were spent in the University of Vienna. While a student of mathematics and physics during his first year of university, he published 2 articles on geometry ("On dividing a line into n-equal parts", and "Geometrical studies on the rotation of the plane of polarization in a magnetic field"); certainly ahead of the curve.
Biology and later medicine continued to grip his interests. During his medical studies, even before obtaining his doctoral degree, he worked under Brücke and later under Siegmund Exner in the Physiological Institute, where he was a student demonstrator and acted as a supplementary assistant. Publications from this period demonstrated his strong interest in the general and special physiology of the nervous system. His doctoral dissertation (1887) was followed by years of clinical training, including in Bamberg in internal medicine, and under Theodor Meynert in neurology. The preference for the latter discipline never left him, which directed his future research into the anatomy of the skull base. He started his career as an assistant physician and assistant of the third medical department of the General Hospital, which was headed by Redtenbacher.
In 1894, he was appointed the position of chief physician of the Association of Viennese Cooperative Health Insurers. Additionally, in 1894 he qualified as a university professor for internal medicine at the University. In 1903 he received the title of extraordinary professor. 8 He was finally promoted to the position as primary physician in 1905. From then until the end of 1933, he was Director of the first Medical Department of the Wieden Hospital. 9 With rare skill and iron perseverance, he was able to gradually expand his department. When he first assumed his role, the department had neither a laboratory nor a microscope. Under Sternberg's guidance, the department expanded to become a modern institution that included all the essential diagnostic and therapeutic tools.
Though he possessed an excellent talent for expression, to which the biography of Josep Skoda is a shining testimony, he was not a scholar who published easily. 7 A deep sense of scientific responsibility imposed restraint on him. Personal restraint was always a feature of his personality that did not allow him to open up to just anyone. He created an isolating wall around himself by using an exaggerated courtesy in dealing with people. But anyone who was able to get close to him knew that there was a genuine warmth and a desire to be helpful lurking behind that wall. This is why his students, without exception, were always attached to their teacher with true devotion and love; they always came to him with their most personal concerns. They will keep him in a perpetual faithful remembrance. 9 
A Portrait of Sternberg's Scholarly Activities
He manifested his skills truly in the general hospital starting from the bottom and working his way to the top under the mentorships of Neumann, Bamberger, Kaposi, and Meynert. Finally, he was an assistant in Redtenbacher's department, and after Redtenbacher's retirement worked under Exner and Emil Zuckerkandl. In due course, he was initially certified as a professor for internal medicine, and later for social medicine. 8 During this time period, Sternberg was involved in anatomic studies of the cranial skull base. He meticulously studied the cranial skull base with Emil Zuckerkandl that resulted in the discovery of what is presently referred to as Sternberg's canal. The "Canalis cranio-pharyngeus lateralis" is a very fine connecting channel passing through the sphenoid body between the skull cavity and pharynx. 5, 10 It is a testament to his observation skills that he succeeded in making a discovery in such a well-plowed field, as the osteology of the human skull. Further studies by Sternberg consistently found the presence of this canal in children at age of 3 to 4 yr; however, noted an incidence of only 4% in adults.
5,10
Sternberg's groundbreaking publication, "Tendon reflexes and their relevance to the pathology of the nervous system" was the first major comprehensive presentation of this difficult topic. It was based on his personal observations of more than 6000 cases which he followed prospectively. He also performed independent animal tests and pathological-histological investigations. 7 This book was appreciated by contemporary professionals and filled an extraordinary information gap of the time, as evidenced by the discussions noted in contemporary literature.
In 1897, his chapter titled "Acromegaly" was published in Volume 7 of Nothnagel's Manual of Special Pathology and Therapy. In the careful analysis of the clinical disease Sternberg draws attention to the importance of the previously neglected vasomotor disturbances and paresthesia in the extremities as an early diagnostic symptom. 7 He compared them with related phenomena in menopause and connected them with acromegalyassociated disorders of genital function, a view that continues to be relevant today. The distinction between acromegaly and gigantism is depicted in great detail. According to Sternberg, gigantism is a developmental anomaly that is not itself abnormal and proceeds with no changes in the pituitary gland 8 ; rather, it results in a disposition for "general vegetative disturbances". Thus, it is understandable that almost half of all patients with gigantism later suffer from acromegaly. These observations also align with NEUROSURGERY VOLUME 83 | NUMBER 3 | SEPTEMBER 2018 | E121 the view of modern authors who see not only a hormonal problem in acromegaly but emphasize the importance of the constitutional milieu. 7 Of the other neurological works by Sternberg, his studies on hemicephalus (published jointly in 1903 with William Latzko) contains an important contribution to the question of cerebral localization of the facial expression movements. Presumably, what is today known as hemicephalie is a congenital defect where half of the brain (specifically, 1 side of the cerebrum, which is the largest part of the brain) does not develop in the fetus. 9 Sternberg additionally studied in detail the chronic partial heart aneurysm as a result of a coronary occlusion. He drew with a masterly hand the clinical picture of this affliction based upon 3 cases personally observed, prospectively tracked, and eventually autopsied by him. The chronic partial heart aneurysm was well known to anatomists at the time; however, disregarded as nondiagnosable in the clinic setting. Sternberg was surprised at finding this aneurysm during an autopsy earlier in his career; however, upon review of his patients' case history concluded that the diagnosis can be made from the course of the disease, in which he distinguished 4 stages: the stage of stenocardiac attacks, that of pericarditis epistenocardica, the latency stage, and the stage of severe cardiac insufficiency. 11 Since his staging system, he was able to diagnose chronic partial heart aneurysm according to his 1914 monograph and also confirmed diagnosed cases upon autopsy. More recently, the diagnosis could be made upon imaging or roentgenkymographic (fluoroscopic) investigation. 7 Dr Sternberg's focus on social medicine during his training resulted in advances in the fields of social medicine and industrial diseases throughout his career. As a result of many years as chief physician of one of the largest hospitals in Vienna, he had the opportunity to gain extraordinary experience in this field. But it was his diligence, his thoroughness, and his great understanding of technical processes of any kind that permitted him to evaluate this experience as fruitfully as he did. He knew not only all the details of manufacturing processes, but also the exact work habits of various categories of workers. This knowledge included the technical terms, the vulgar workplace terms as well as the related dialect. On commission of the Ministry, he held regular lectures about social medicine resulting in his peers considering him the undisputed authority in Vienna on this topic. 7 Of the many publications in this area, his most well known were the following:
• "Observations of commercial lead poisoning in Vienna" (1906) • "The diseases of carpenters and shoemakers" (in the Manual of Occupational Diseases, 1907) • "Occupational diseases of the lungs"
• "Quarrying and mineral processing" Sternberg's contribution to the academic community only ended with his death on September 6, 1934 at the age of 71. His last lecture was given in 1934, a few weeks before his death. He spoke to the medical society about the syndrome of chronic periarticular processes with diffuse skin pigmentation, which he described and characterized as "a special kind of nosological unit". 9
STERNBERG'S CANAL
"Canalis cranio-pharyngeus lateralis" or Sternberg's canal was proposed by Sternberg in 1888. 5 Sternberg worked meticulously with Emil Zuckerkandl on the anatomy and osteomas of the human skull and discovered the lateral craniopharyngeal canal in the sphenoid. Dr Sternberg described the course of the canal as originating at the inferior rim of the orbit and extending to the lateral root of the orbital wing, lying along the medial angle of the superior orbital fissure at the edge of the outer root of the lesser sphenoidal wing, and passing through the sphenoid body to end in its lower surface below the processus vaginalis. 5, 10 This connection was present in all children; however, only evident in 4% of adult skulls. 2 Sternberg appreciated skulls with the channel containing only a short course through the sphenoid sinus, ending blindly, or having osteophytes and protuberances present leading to many different shapes. 11 Since its discovery in 1888 by Dr Sternberg, the lateral craniopharyngeal canal has been revisited in many case reports and case series depicting these rare but significant complications. 1, 3, 12 The basis of the existence of Sternberg's canal lies in the processes of sphenoid bone ontogeny and sphenoid sinus pneumatization, and as such has been described in the original article by Sternberg.
1,5 Thus, not only did Sternberg make this observation, he also explained the reason behind its existence. The sphenoid bone develops from 5 independent cartilaginous precursors-the anterior sphenoid bone (presphenoid), the lesser wings, the posterior sphenoid bone (basisphenoid), the greater wings, and the lateral pterygoid processes (Figure 2A ). The medial pterygoid processes develop from membranous ossification. At birth, the anterior sphenoid bone, the lesser wings, and the posterior sphenoid bone fuse as a unit medially ( Figure 2B -blue components), while the greater wings and the pterygoid processes fuse as a unit laterally ( Figure 2B-green components) . Bridging these units, only a weak cartilaginous union exists at birth, which later undergoes bony fusion in the first decade of life. The bony fusion starts anteriorly and proceeds in the posterior direction, where it has a tendency to remain incomplete, thus resulting in the lateral craniopharyngeal canal ( Figure 2C-red circle) . 1, 13 The presence of the canal in only 4% of adult skulls in contrast to its very common presence in those of children, as correctly noted by Sternberg, can be thus explained.
Sternberg's canal is an important anatomic and etiological factor for spontaneous CSF leaks and lateral sphenoid sinus meningoencephaloceles. 6, 13 When CSF rhinorrhea or meningoencephalocele occur through Sternberg's canal, diagnosis is established with computed tomography and magnetic resonance imaging scans and the only appropriate treatment option is surgical correction through the transcranial or transnasal approaches. 1 Endoscopic transnasal approaches have presently become the modality of choice in dealing with these "difficult to access" lateral sphenoid leaks ( Figure 2D ).
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CONCLUSION
Maximilian Sternberg was an astute observer and a man of uncommon diverse talents that increased the available knowledge of various seemingly unrelated fields. His lecture at the Vienna Philosophical Society, "On the importance of scholastic philosophy for today's medical thought" can still be read with enjoyment by any physician interested in philosophical questions today. Sternberg was luminous to the development of skull base anatomy and also played a vital role in other medical specialties, namely medicine and neurology.
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